We investigate split supersymmetry (SUSY) in a generic supergravity scecnario, where SUSY is broken by the F-term of a hidden sector chiral superfield X. With reasonably general assumptions, we show that the fermionic superpartner of the hidden sector chiral scalar will always have mass within a Tev. Though its coupling to the standard superfields is highly suppressed in Tev scale SUSY, we show that it can be enhanced by many orders in split SUSY, leading to its likely participation in accelerator phenomenology.
Supersymmetry (SUSY), that is to say, a symmetry between fermions and bosons, has long been deemed to be phenomenologically significant if it is broken within the TeV scale, whereby the quadratic divergence in the Higgs boson mass is tamed, and the superpartners of all the standard model (SM) particles lie within this mass range. This age-old dictum has been given a jolt by the recently suggested notion of split supersymmetry [1] , which allows the SUSY breaking scale, and all scalars except one light Higgs to be much higher than a TeV, while at the same time retaining light fermionic superparticles. Although this destroys the cancellation of quadratic divergence, it is argued that having a fine-tuned Higgs mass is not that unexpected, since one has to resort to more severe fine-tuning anyway in order to suppress the cosmological constant in a broken SUSY. Such a possibility is inspired by the landscape scenario in string theories, which open up the possibility of a large multitude of vacua [2] . Living in a universe with unexpectedly small Higgs mass and cosmological constant, it is argued, is quite possible for us if we happen to be located around one such vacuum which supports galactic structures [3] . And once the Higgs mass is not its responsibility, SUSY, possibly an artifact of superstrings, can be broken at arbitrary high energies. However, it not suppresses flavour-changing neutral current (FCNC) and proton dcay, but also helps the unification of gauge coupling [4] and supplies a cold dark matter candidate in the acceptable range [5] , [6] if the gauginos and Higgsinos are within a TeV. Thus one is now faced with a new possibiity-namely, only the SM spectrum (including one Higgs scalar) plus gauginos and Higgsinos within the search limit of particle accelerators, but all other scalars way upwards.
There is no flavour-changing neutral current problem here due to decoupling. Furthermore, the undesirable possibility of gluinos having as large a lifetime as the age of the universe restricts the SUSY breaking scale to be ∼ 10 13 GeV [1] . Phenomenological consequences of split SUSY [7] as well as various aspects of theoretical models that can lead to it [8] , [9] have been widely discussed in recent times.
In this note we look at some general consequences of SUSY breaking within an N=1 supergravity (SUGRA) scenario. A hidden sector chiral superfield X is assumed responsible for all soft SUSY breaking terms in the observable sector through its nonrenormalizable interaction with the superfields in the minimal SUSY standard model (MSSM). However, we make no model assumption beyond this, though we include the phenomenological possibility of having a large mass hierarchy between the scalars and the fermions, that is, split SUSY. It is then shown that if all soft terms as well as the Higgsino mass term in the superpotential originate from interactions from X, then the the requirement of gauginos and Higgsinos within a TeV implies that the fermionic component of X also must be within this range. Moreover, while this light fermion (called ψ X here) has extremely small coupling with the MSSM fields in TeV scale SUSY, the strength of such coupling can be much higher if the SUSY breaking scale is high. Thus one has to admit the possibility of low-energy phenomenology being altered by the field ψ X (which can even turn out to be a dark matter component). This is a reaffirmation of our earlier conclusion [10] in the special context of a braneworld model of split SUSY. However, it is now established on more general grounds.
The most general action for a supergravity multiplet coupled to chiral superfield and super Yang-Mill field is given by [11] 
where K(S,S) is an arbitrary real function of the chiral multiplets S i and and their conjugates, W (S) is a holomorphic function of S i , V is the vector multiplet of a Yang-Mill gauge group U and W α is the corresponding field strength. The analytic gauge kinetic function f determines the kinetic terms for the fields in the vector multiplet V and the gauge coupling constant Ref a = 1/g 2 a , where the index a is associated with different gauge groups U a with total gauge group U = ΠU a .
If now one defines a function
then all mass terms and couplings are determined by the vacuum expectation values (vev) of appropriate functions of G, it's derivatives and the chiral scalars. As with global supersymmetry, spontaneous breakdown of local supersymmetry may take place either as F term breaking and/or a D term breaking. In either case one of the auxiliary component of superfield must develop a nonzero vev. In this work we focus on a F -type breaking and the relevant term under consideration is,
where λ is a gaugino field. We further concentrate on scenarios where the local SUSY is broken in the hidden sector by the usual mechanisms [12] under which either a superheavy scalar in the chiral multiplet acquires a non-zero vacuum expectation value (vev) or gaugino condensation takes place in the hidden sector gauge group at some condensation scale where the gauge theory becomes strongly coupled. In either case, a superpotential W (X) ( where X is either some hidden sector chiral scalar or an effective scalar originated from the gaugino bilinear ) develops in the hidden sector resulting into breakdown of local SUSY at some scale, say vev of the chiral scalar or condensation scale. This breaking is mediated to the observable sector through gravitational interaction leading to the generation of soft SUSY breaking parameters in the observable sector. If C α 's are generic observable sector fields then the full Kahler potential K and the superpotential W can be expanded ( suppressing the dummy indices between C's and it's coefficients) around the hidden sector field X as
Various masses of the observable sector fields and their couplings can be determined from these coefficients K i 's and W i 's. Different terms in the SUSY Lagrangian generate masses for the sfermions, gauginos, Higgsinos as well as the scalar and spinor components of X. We now describe the exact expressions for the different mass terms that arise from the corresponding terms in the Lagrangian.
First, we note that the generic scalar mass arises from the term 6) and is given by,
If we wish the SUSY breaking scale to be ≃ 10 n GeV , then we have 8) or, in other words, F X ≃ 10 19+n GeV 2 .
The observable sector gaugino mass M 1/2 (assuming it to be universal) originates from (dropping coefficients of the different terms)
where W can be expressed in terms of the components of a gauge supermultiplet
D and V µν being respectively the auxiliary part of the superfield and the field strength of the gauge boson V µ .
The term arising from the superpotential in the above expression is subject to a suppression factor f in order to allow the possibility of gaugino masses being smaller than the scalar masses (or the observable sector SUSY breaking scale) by the same factor. In order to achieve split SUSY, the factor f will be as small as the level of 'splitting' required, caused by instruments of specific models, such as R-symmetry or gaugino condensation.
Thus the contributions to gaugino mass turn out to be
If now m 1/2 is required to be within a TeV, each of the terms on the right-hand side in the above equation must not exceed that value, since they arise from different sources and an accidental cancellation between them is unlikely. Using the value of F X , this immediately disallows n > ∼ 11, thus imposing a rather strong constraint on the split SUSY scale. At the same time, the restriction on the magnitude of the first term on the right-hand side leads to f < ∼ 10 −8 f or n = 11; f = 10 3−n f or n < ∼ 11
Thus the generic SUGRA scenario, with hidden sector F-term breaking, does not allow scalar masses above about 10 11 GeV.
Before proceeding further, let us note that masses of both the scalar and fermion components of x arise from the term
arising from the Kahler potential, giving
and
In the most general case, the following terms in the SUGRA Lagrangian can lead to the term µH u H d in the MSSM superpotential
where the suppression factors f 1 , f 2 are model-dependent; various things, ranging from features within SUGRA itself to Peccei-Quinn symmetries, have been invoked [13] , [14] , [15] to justify their smallness. Even without making any specific model assumption, one can, however, see that the Higgsino mass µ ≃ 1 T eV requires
Again, the requirement that each term should not exceed the stipulated value of µ means
which immediately implies m ψ X < ∼ 10 3 .
Whether such a light fermion will be phenomenologically significant depends on the strength of its interaction with other fields in MSSM. Take, for example, the first term in the expression for µ,
A further constraint on f 1 follows from the observation that both the first and third terms contributing to µ can also give rise to the bilinear soft breaking term Bµ:
The contribution from the second term is on the same order as m 2 0 , the square of the SUSY breaking scale, as expected. We have to demand further that 20) or, inserting the value of F X ,
Thus we are led to an interesting conclusion. Although one has a light fermion ψ X , it has no perceptible effect on phenomenology when the SUSY breaking scale in the observable sector is ≃ TeV, because of the stringent upper limit on its interaction with the Higgs-Higgsino sector.
However, as n increases, or as the SUSY scenario is more and more 'split', the interactions strength also increases, and it can be as large as 10 −8 for n = 11. As we have shown in an earlier work, such a strength of the ψ X −H u = H d coupling can be envisioned in a braneworld scenario leading to split SUSY, and can be phenomenologically significant. For example, for m 1/2 > µ > ψ X , the Higgsino-type lightest neutralino can then decay into ψ X and the Higgs in about 10 −8 seconds, thus having ψ X as the invisible superparticle controlling the final state in SUSY cascades in collider
experiments.
An interesting point to note here that although ψ X can be light here, its coupling to the gaugegaugino pair is always a dimension-five operator, suppressed by the Planck mass. Therefore, such coupling does not upset the phenomenology of Tev-scale MSSM, even if the suppression factor f present in such an interaction term be of order unity.
The suppression factor f 1 can be related to the gravitino mass as f 1 ∼ m 3/2 /M P . This is because a f 1 XH u H d -type of coupling may appear in the lagrangian if the superpotential contains a non-renormalizable term f 1 (X)W (X)H u H d , characterized by the coupling f 1 (X), which mixes the observable sector and the hidden sector where f 1 (X) and W (X) are appropriately scaled in the units of M P . An effective µ parameter ∼ m 3/2 is thus generated when X acquires a vev which is given by,
However the gravitino mass m 3/2 ∼ M P e K(X) W (X). So an appropriate choice of the Kahler potential K(X) and superpotential W (X) may lead to f 1 = m 3/2 /M P . We refer the reader to [14] for a detailed discussion on this. Therefore, if the gravitino mass is on the same order as the SUSY breaking scale as 10 n , then one has f 1 at its upper limit, and therefore the observable consequences of a light ψ is most pronounced in this case
It may be noted from the first term in the left-hand side of equation (17) that vev of X must be less than equal to 10 22−n . So larger is the SUSY breaking scale i.e n, smaller is the the vev of the hidden sector scalar X. In otherwords ,when the SUSY is maximally split the hidden sector scalar X, responsible for the brekdown of SUSY,has the least vev. Thus for n = 11, vev of X is ≤ 10 11 .
However an exact value of the vev of X can only be determined from the knowledge of the exact form of Kahler and superpotential. From the requirement of the vanishing cosmological constatnt i.e.if V is the scalar potential then,
This leads to,
where the indices A,B runs over various chiral superfields with G A indicates the derivative of G with respect to the superfield Φ A . But we have already shown that vev of X is also ≤ 10 11 . This puts strong constrants on the choice of the Kahler and superpotential of the hidden sector field X. It should be noted that that the specific situation considered in reference [10] , based on a braneworld picture, can be considered to be a special case of the general principle presented here.
The appropriate suppression factors leading to the various consequences of split SUSY arise there from the few orders of hierarchy between the five-and four dimensional Planck masses. However, they all get mapped into our scheme, giving specific values of f , f 1 and f 2 . On the other hand, the conclusions presented here have not taken into account the effects for D-terms or anomaly mediation. A generalisation including them all will be presented in a different work.
To conclude, a general scheme of hidden sector F-term SUSY breaking, keeping the provision of arbitrarily large scalar masses but TeV-scale fermions, is seen to entail a fermion with mass within a TeV. The strength of its coupling, although negligibly small in the case of TeV-scale SUSY, can be considerably higher for a split SUSY scenario with large scalar masses, and can even have observable effects on final states in SUSY cascades.
